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* From hardware to a running program

Hardware
Platform Designer + Quartus ->
.sof
(HW deck)

\ 4
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* NIOS-V Embedded Design Suite

e Configurable Processor
» Selection of Peripherals

e Board Support Package (BSP) for SW development
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* Basic NIOS-V System
* Create a processor system to allow printing to the console

EI; _>—» Regclec')cd;ar « ;
N CPU I\(/?nchlp JTAG Timer System
" l ik UART ID
MmI Iwm Is Is Is Is

[ Bus Fabric |
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* Create a new Quartus project
* Do not select a Simulation Tool in EDA Tool Settings

* Be sure to follow all the steps in the Quartus Project Setup
slides, NIOS-V requires all steps to be executed

e Open Tools = Platform Designer

% Platform Designer - unsaved.qsys” (DA\GDrive\MSOE\19_Q1_EE3921\Projects\NIOS_Pixelunsaved.qsys)
File Edit System Generate View Jools Help

P catalog % _ = of| I systemContents &0 | AddressMap ©% | InterconnectRequirements 55

-do

! System: unsaved
3 x & -
Project

Use  Conn... Name Description

B dk_o Clock Source
i dkin (Clock Input

: g;i“ Functons ck_in_reset Reset Input
%) Interface Protocols &3 R
) Low Power it
) Memory Interfaces and Controlers
)-Processors and Peripherals

- Qsys Interconnect

- Tri-State Components

) University Program

M New Companent....
Library

i< &+

Reset Cutput

L, Hen £5| DevieeF % ==
w-m= ck

- reset
-k ok D

Export

ck
reset

Clock.

exported

k0

Base

o A ¥ Current filter:

Type Path Message

0 Errors, 0 Warnings

Generate HDL...

Finish
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* Create NIOS-V System
* Double Click on clk_0 - verify clk frequency = 50MHz

& Osys - unsaved.gsys™ (DAGDrive\MSOEY18_Q1_EE3921\Projects\MIOS 1hunsaved.qsys)

- O x ‘
Eile Edit System Generate View Iools Help
““'1p Catalog | — = m|| I System Conten “”] Address Map | Interconnect Requi | - ™ = " Parameters i | - - :||
W System: unsaved  Path: clk_0 System: unsaved  Path: clk 0
=l Clock So
P + Use Con... Name Description Expor oci urce Details
8 Ness ) clock_source
. New Component... = dk_D Chock Source
'-:’;‘:;\'c Conctions X o clkin Clock Input k |~ Parameters
4 ul 1ons
E oar = C= c::_m_reset Rlesekt Input reset Clock frequency: 50000000 ’
) Interface Protocols o (Clack Ouipet
t Low Power clk_resat Reset Output [“] Clock frequency is kn:
+ Memory Interfaces and Controlle Reset synchronous edges: |None v
+ Processors and Peripherals
H Qsys Interconnect
t University Program
< >
New...
T, Hiel 2| Deviee - =
0] unsaved [unsaved.gsys*]
+-o= clk
+ m= reset
+ o
< >
Gk i ¥ Current filter; < >
oI Messages | - =
Type Fath Message
0 Errors, 0 Warnings Generate HOL... Finish
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* Add NIOS-V

* Processors and Peripherals 2 Embedded Processors 2
NIOS V/m Microcontroller

* No other changes

_. = I8 jintel_niosv_m_0  Mios V/m Microcontroller IP

fO r n OW ck Clock Input unconnected

reset Reset Input [clk]
platform_irg_rx Interrupt Receiver [dlk]
timer_sw_agent Avalon Memory Mapped Slave [clk] 0x0001_00
instruction_manager AXT4Lite Master [clk]
data_manager AXT4Lite Master [clk]
dm_agent Avalon Memory Mapped Slave [clk] 0x0000_00

* Add On-chip Memory
e Basic Functions=> On Chip Memory = On Chip Memory
(RAM or ROM)...

RA M ...- ] o'll:l_memDI‘VZ_ll imor\‘.r (RAM or ROM) Intel ...
S . 1 00 OOO b t s1 Avalon Memary Mapped Slave [ck1]
ize = : ytes

reseti Reset Input [clki]
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e Add JTAG
* |nterface Protocols = Serial=2> JTAG Uart Intel FPGA IP

e Add Timer

* Processors and Peripherals = Peripherals = Interval
Timer Intel FPGA IP

e Add System ID

* Basic Functions = Simulation; Debug and Verification =2
Debug and Performance = System ID Peripheral Intel

FPGA IP resetl Reset Input [clk1]

B jtag_uart 0 JTAG UART Intel FPGA IP
dk Clock Input wnconnected
reset Reset Input [clk]
avalon_jtag_slave Avalon Memory Mapped Slave [clk]
irq Interrupt Sender [clk]

E timer_0 Interval Timer Intel FPGA IP
dk Clock Input wnconnected
reset Feset Input [clk]
s1 Avalon Memory Mapped Slave [clk]
irg Interrupt Sender [clk]

B sysid_gsys_0 System ID Peripheral Intel FPGA IP
dk Clock Input wnconnected
reset Reset Input [clk]
control_slave Avalon Memory Mapped Slave [clk]

£
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e Connect up basic NIOS system
* NIOS-V Inputs

* Clock and Reset

Lse

Connections

Ca

HH

Mame

B cdk_ 0
dk_in
dk_in_reset
dlk
ck_reset

= IQ intel_niosv_m_0
dk
reset
platform_irq_rx
timer_sw_agent
instruction_manager
data_manager
dm_agent

Description
Clock Source
Clodk Input
Reset Input
Clock Qutput
Reset Output
Mios V/fm Microcontroller IP
Clock Input
Feset Input
Interrupt Receiver
Avalon Memory Mapped Slave
AXI4Lite Master
AxI4Lite Master
Avalon Memary Mapped Slave

Export

clk

Clock

clk_0

clk_0
(k]
[ictk]
[clk]
(k]
(k]
[ictk]

Base

0x0001_0000

0x0000_0000

IRQ O

ELE 3510
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e Connect up basic NIOS system
* On-chip Memory

* clk, reset, instruction manager, data manager

i {

z

= IQ intel_niosv_m_0  |Mios V/m Microcontraller IP
dlk Clodk Input
reset Reset Input
platform_irq_rx Interrupt Receiver
timer_sw_agent Avalon Memary Mapped Slave
instruction_manager AxI4Lite Master
data_manager AXI4Lite Master
dm_agent Avalon Memary Mapped Slave
E onchip_memory2_0 |On-Chip Memory (RAM or ROM) IP
ki Clodk Input
g1 Avalon Memory Mapped Slave
resetl Reset Input

clk_0
(k]
[ck]
(k]
[ck]
(k]
[ck]

clk_0
[dk1]
[dk1]

IRD (
000010000

0x0000_0000

0x0000_0000

ELE 3510

Connect to data and instruction masters

10
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e Connect up basic NIOS system
* JTAG, Timer, SysID
e 16 interrupt priority values 1-16

B jtag_uart_0 JTAG UART IP
3N ck Clock Input clk_o
G reset Reset Input [iclk]
CO)% avalon_jtag_slave Avalon Memory Mapped Slave [clk] 0x0000_0000 0:0000_0007
irg Interrupt Sender [clk]
Interval Timer IP
\ Clodk Input clk_0
) Reset Input [clk]
Avalon Memory Mapped Slave [clk] 0x0000_0000 0x0000 |
Interrupt Sender [clk]
System ID Peripheral IP
Clock Input clic_0
Reset Input [clk]
Avalon Memory Mapped Slave [clk] 0x0000_00 0:x0000_0007
Connect to data manager Assign Priorities
ELE 3510 11
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e Connect up basic NIOS system
e Assign the NIOS-V Reset and Exception vectors

* Open the NIOS Processor

e Select Traps, Exceptions, ...

e Select on-chip memory for
Reset Agent

ELE 3510

12

System: unsaved Path: intel_niosv_m_0

Nios V/m Microcontroller IP

intel_niosw_m Details

[~ Ex le Designs

For available Nios V/m Example Designs, please go to: Quartus > File Menu > Open Example Project

https: /fwww.intel.com/contentfwww fusfen fsupport/programmable fsuppor tresources {design-examples /design-s

[~ Debug

Enable Debug

[C) Enable Reset from Debug Module

|~ Use Reset Request

[] Add Reset Request Interface

_ .
#* Traps, Exceptions, and Interrupts N
eset Agent: onchip_memory2_0.s1 -
Reset Vet
Interrupt Mode: Direct

|~ cPu Architecture

When pipelining is enabled, you benefit from higher instructions per cyde (IPC), but at the cost of higher area an
When pipelining is disabled, you benefit from lower area and higher frequency, but at the cost of lower IPC.
Enable Pipelining in CPU

[C) Enable Avalon Interface
mhartid CSR. value:  |g

[~ ECC

() Enable Error Detection & ECC Status Reporting

[] Enable Single Bit Correction
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 Complete Basic System
* Assigh base addresses

e System > Assign Base Addresses

Assign Base Addresses

#a Platform Designer - unsaved.qgsys™ (D:\GDrive\MSOE\19_Q1_EE3921\Projeq]

File Edit System Generate View Tools Help

e Upgrade IP Cores...

Assign Base Addresses

Assign Interrupt Numbers

4 sysl

Assign Custom Instruction Opcodes

Create Global Reset Network

E-Bas
BH Show System With Platform Designer Interconnect

Remove Dangling Connections

Impert Interface Requirements...

ELE 3510

W System:unsaved Path: ck_0

Connections MName

C— dk_in
O ck_in_reset
— dk
dk_reset
= Q intel_niosv_m_0

dk

reset
platform_irg_rx
timer_sw_agent

instruction_manager
data_manager
dm_agent

E onchip_memory2_0

k1
s1
resetl
E jtag_uart_0

dk
reset

*— avalon_jtag_slave
irg
=2 timer_0

dk
reset
*— sl
irg
B sysid_gsys_0

dk
reset
*— control_slave

Description

Clock Source

Clock Input

Reset Input

Clock Qutput

Reset Output

Mios V/m Microcontroller IP
Clock Input

Reset Input

Interrupt Receiver

Avalon Memory Mapped Slave
AXI4Lite Master

AXI4Lite Master

Avalon Memory Mapped Slave

Clock Input

Avalon Memory Mapped Slave
Reset Input

JTAG UART IP

Clock Input

Reset Input

Avalon Memory Mapped Slave
Interrupt Sender

Interval Timer IP

Clock Input

Reset Input

Avalon Memory Mapped Slave
Interrupt Sender

System ID Peripheral TP

Clock Input

Reset Input

Avalon Memory Mapped Slave

On-Chip Memory {RAM or ROM) IP

Export

clk
reset

Clock

exported

dk_0

clk_0
[ilk]
[iclk]
k]
[iclk]
[ilk]
[iclk]

clk_0
[clk1]
[ck1]

clk_o
[ilk]
[iclk]
[iclk]

clk_o
[iclk]
[clk]
[iclk]

clk_0
[iclk]
[iclk]

Base

0x0003_0000

0x0002_0000

0x0000_0000

0x0003_0068

Ox0003_0040

0x0003_00&0

IRQ O

End

0x0003_003£

0200

0x0001_8€39E

0x0003_006£

0x0003_005E

0x0003_0087

IRQ 15

RQ T

A

13
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* Create Basic System

e Check for errors

e 3 warnings, otherwise all green

These 3 warnings are unavoidable

3 Warnings

/

unsaved.intel_niosv_m_0

Properties (associatedClock) have been set on interface reset - in composed mode these are ignored

L

unsaved.intel_niosv_m_0

Properties (associatedClock, associatedReset) have been set on interface instruction_manager - in composed mode these are ignored

L

unsaved.intel_niosv_m_0

Properties (associatedClock, associatedReset) have been set on interface data_manager - in composed mode these are ignored

@

3 Info Messages

unsaved.jtag_uart_0

JTAG UART IP input clock need to be at least double (2x) the operating frequency of JTAG TCK an board

unsaved.sysid_gsys_0

Syztem ID is not assigned automatically. Edit the System ID parameter to provide a unigue ID

©eee

unsaved.sysid_gsys_0

Time stamp will be automatically updated when this component is generated.

ELE 3510
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* Create Basic System
e Save the Platform Designer system
* File > save as = an appropriate name

* Generate the Platform Designer system
* Generate - Generate HDL

* The first time you generate you must delete the last directory in the
path — don’t use the “..

be sure to delete the backslash before the name

et T

[+ ynthesis C: Usersfjohnsontimoj/ELE3510/Quartus_Projects /MNICSV fniosVf

Synthesis files are used to compile the system in a Quartus project.
Create HDL design files for syn
I:I Create timing and resource esUM T hedsa #=party EDA synthesis tools,

‘: J Cre; block symbol file {.bsf) turn off

- Tats
|¢_— ion

The simulation model contains generated HOL files for the simulator, and may indude simulation-only fea' I:: . II'UEEFEJ'IJI:IhI'IEI:II'I'hI'I'II:I_]Il"ELE 3 5 lnfquarms_PrDJEEtEﬂqIﬂsvl

Simulation scripts for this component will be generated in a vendor-spedific sub-directory in the specified

Follow the guidance in the generated simulation scripts about how to structure your design's simulation scripts and how to use the P-seluE-SIMLEEoT and
jp-make-simscripf command-ine utilities to compile all of the files needed for simulating all of the IP in your design.

Create simulation model: Mone .

| Should point to your
~ Qutput Directory —— o .
Path: @nﬁmojﬂEas m;Qum_pmjem,m@ X project directo ry

ELe 551U 15 © tj




* Create Basic System

* Create a component instantiation template
* Generate = Show Instantiation Template
* Copy the text into a file S —

‘You can copy the example HOL below to dedare an instance of niosV.
File Edit SystemCGenerate Diew Tools Help HOL Lang @
% Ip Catzlog | Generate HOL... Example HDL
component niosV is
Generate Testbench System... v
port {
. Gene ... -y clk_clk : in std_leogic := "¥'; -- clk
reset_reset_n : in std logic := "K' -—- reset_n
+-DMA Show Instantiation Template... IE
+1-0n Chip M end component niosv:
ul : component niosV
port map (
clk_clk => CONNECTED TO_clk_clk, --  clk.clk
reset_reset_n => CONNECTED TO reset reset n -- reset.reset_n

)i

* Finish | Co Do

. Generate HDL... f Finish)
N
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* Create Basic System

* Add the .qip file to the project
* Project 2> Add / Remove Files = ...
* Select /synthesis / file name

& Quartus Prime

You have created an IP Variation in the file C:/Usersfjohnsontimoj/ELE3510/
Quartus_Projects/NIOSV/niosV.gsys.

To add this IP to your Quartus project, you must manually add the .gip and
sip files after generating the IP core.

e .gipwil e |located in <genheration_directory=/synthesis/niosV.qi
The qip will be located in <g ion_directory=/synthesis/niosV.qip

The _sip will be located in <generation_directery=>/simulation/niosV.sip

ok

L A

ELE 3510

Select File

« v » Johnson, Timothy » ELE3310 @ Quartus_Pro v &) Search synthesis pel
Organize v New folder =- I @
> @ Timothy - Milwaukee School O Neme " Date medified Type Size
submodules 7 24 PM File folder
oF Deskiop [ niosV.qip \ 7/16/2026 2:24 PM QIP File 173 KB
-— 7/16/2026 2:24 PM Hard Disk Image F... E7 KB
i Downloads
= OneDrive - Milwaukee Schi
~ B Box
» 09-PEAS - Dr. Timethy John:
> 2024-25 51 Advisees on Prob
> 2024-25 51 Advisees with F o
File name: | niosV.qip v| Degia Illll .tdf *whd *whdl *
Lm‘ Cancel
N
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* Create DE10 Design
* Instantiate into a VHDL file

- niosV_dele.vhdl

-- created 7/16/26
- by t]

library 1eee;
use leee.std_logic_1164.all;

entity niosV_deld 1s
port/(
CLOCK 58: 1in std logic
¥
end entity;

18

Instantiation template component

Jarchitecture hardware of niosV _del@ 1s

| component nios is
I port |
clk clk
reset_reset_n
Vi

end component;
begin

u@ : component niosV
I port map |
clk_clk
reset reset n

== CLOCK_58,
= '1'

);

i\

end architecture;

Instantiation template instance
mapped to DE10 gsf pin aliases
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* Create DE10 Design

* Prepare to synthesize

* If you did not do these when you created the project be sure to do
them now
* assignments = device = device and Pin options = Configuration Mode
- Single Uncompressed with memory initialization
* Import the pin aliases (gsf file)
e Setup the SDC file for timing analysis

* Be sure to set your top level entity to the DE10 file

e Start Compilation

19
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* Create DE10 Design

niosV:u0
CLOCK 50 > clk_clk
1'h1 reset_reset_n|
L= ===
L= ‘ =Ty ‘

20
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* Create DE10 Design
 Complete the HW setup

* Download the HW project onto the board

3 Programmer - C:/Users/johnsontimoj/ELE3510/Quartus_Projects/NIOSV/niosv - niosv - [niosv.cdf]

File Edit Wiew Processing Tools Window Help
& Hardware Setup... | B-Blaster [USB-0]| | Mode: |[TAG - Progress: 100% (Successful)
Enable real-time ISP to allow background programming when available
File Device Checksum Usercode Program/  Verify = Blank- = Examine
phStart Configure Check
W output_files/niosv.sof 10M50DAF484 0066263C 0066263C v
Stop
i Auto Detect
Delete
A Add File...
& Change File.
[
b Save File
® Add Device...
W p H H
TDI H H
" Down Al :
H H
H H
H H
10M50DAF484
TDO
4
.
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